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Descrlpti n 
Held 

5 This application relates to catalyst compositions for manufacture of pol/oleflns, and more particularly, to spray 
dried, filled metallocene catalyst compositions. 

Background 

10 Manufacture of polyolefins by monomer polymerization in a catalyzed gas phase process generally employs solid 
catalyst particles having defined morphology. Catalyst particle morphology in turn determines the morphology of the 
polymer particles as they grow around the catalyst particles. 

Silica and other Inert, inorganic materials have been used as supports for polyolef In catalysts, and have been used 
extensively for immobilizing metailocene-methylalumoxane catalysts. However, tiiere are drawbacks to such simple, 

15 supported catalysts in that a) they are sometimes less active than the corresponding unsupported materials, and b) 
large particles (>25 micrometers) of silica may remain in the finished polymer, where they may lower tiie polymer dartty 
and degrade the appearance rating of films made from the polymer. 

One approach to avoiding the difficulties of supported metallocene catalysts Is shown in U.S. Patent 4,923.833. 
which discloses a spray dried metallocene catalyst composition containing no support material. In this patent prepo- 

20 lymerization of olefin polymer around the spray dried catalyst composition particles is enployed to achieve morphology 
control in the polymer product. This, however, brings disadvantages in time, effort and cost. 

Metallocene/aiuminoxane catalyst compositions containing no support material suffer from an additional drawback 
when using the solution-injection method of Introducing such catalysts into the gas phase enrtployed in olefin polymeri- 
zation. Careful control of the catalyst flow rate, gas velocities and other reaction parameters is required or the morphol- 

26 ogy of the polyolefin particles produced becomes unstable. This may be manifested in the appearance of unacceptably 
large quantities of fines or agglomerates, sheeting, or fouling of the reactor. Such instability can lead to premature ter- 
mination of reactor operation. 

Accordingly, tt would be desirable to have solid, metallocene catalyst compositions of good integrity and uniform 
nwrphology. and which do not result in large, residual silica particles In the product, yet whose activity is acceptable. 

30 Such catalyst compositions are the subject of this application. 

Summarv 

It has now been found that spray dried metallocene-containing catalyst compositions that contain inert filler have 
35 good activity as well as good particle integrity and morphology. These catalyst compositions produce polymer particles 
having desirable sphericity and narrow particle size distributions. 

This invention provides a spray dried catalyst composition comprising solid particles, each particle comprising a 
mixture of: 

40 a) a metallocene catalyst comprising an organometallic compound containing a metal atom of Group NIB to VIII or 
the Lanthanide series of the Periodic Table; 

b) a cocatalyst capable of activating the metallocene catalyst; and 

c) particulate filler material having an average particle size of 0.001 to 0.1 micrometers that is unreactive with the 
metallocene catalyst and the cocatalyst. wherein the average particle size of tiie catalyst composition is 5 to 500 

45 micrometers. 

The invention further provides a method of preparing a spray dried catalyst composition, comprising: 

forming a suspension comprising: a) a metallocene catalyst comprising an organometallic compound containing a 
60 metal atom of Group IIIB to VIII or the Lanthanide series of the Periodic Table; b) a cocatalyst capable of activating 
the metallocene catalyst; and c) particulate filler material having an average particle size of 0.001 to 0.1 microme- 
ters that is unreactive with the metallocene catalyst arxl the cocatalyst, in a diluent; and 

spray drying the suspension to obtain the catalyst composition having an average particle size of 5 to 500 microm- 
eters. 

55 

Th invention further provides a process of producing ethylene honrK)polymers or copolymers, comprising the steps 

of: 
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contacting ethylene and optionally a higher alpha-olefin monomer under polymerization conditions with a spray 
dried catalyst composition comprising solid particles, each particle comprising a mixture of: a) a metallocene cata- 
lyst; b) a cocatalyst capable of activating said metallocene catalyst; and c) a particulate filler material having an 
av rage particle siz f 0.001-0.1 micrometers that is unreactive with the metallocene catalyst and the cocatalyst, 
5 wherein the average particle size of the catalyst composition is 5 to 500 micrometers. 

D scrlptlon of the Drawing 

Rgure 1 is a schematic of a spray drying apparatus for making the spray dried, filled catalyst composition. 

10 

Detailed Description 

The catalyst connposition comprises at least one metallocene catalyst, at least one cocatalyst, and particulate filler 
material having an average particle size of 0.001 to 0.1 micrometers. The particulate filler material is unreactive witii 

15 botii the metallocene catalyst and the cocatalyst. 

The metallocene catalyst is an organometallic coordination complex containing at least one n-bonded moiety in 
association with a metal atom from Groups IIIB to VIII, or the Lanthanide series of the Periodic Table. Particularly desir- 
able are metallocene catalysts containing metals from Group IVB or VB of the Periodic Table, such as titanium, zirco- 
nium, hafnium and vanadium. Especially preferred are metallocene catalysts containing zirconium. 

20 One useful class of metallocene catalysts are organometallic compounds containing at least one cyclopentadienyl 
group bonded to a Group IIIB to VIII metal, such as mono, di-. and tricyclopentadienyls and their derivatives of these 
-transition metals. 

A preferred metallocene catalyst containing at least one cyclopentadienyl group bonded to a Group IIIB to VIM 
metal has the formula: 

25 

(C5Rn)yRz(C5Rm)MY(x.y.l) (D 

wherein M is a metal from Groups IIIB to VIII of the Periodic Table; (CsRp) and (CsRm) are independentiy cyclopentadi- 
enyl or substituted cyclopentadienyl groups bonded to M; each R is independently hydrogen or a hydrocarbyl radical 

30 such as alkyi, alkenyf. aryl. alkylaryl, or arylalkyi radical containing from 1 to 20 carbon atoms, or two carbon atoms are 
joined together to form a C4-C6 ring; each R' is a C1-C4 substituted or unsubstituted alkylene radical, a dialkyl or diaryl 
germanium or silicon, or an alkyI or aryl phosphine or amine radical bridging two (CsRn) and (CsR^) rings; each Y is 
independently a hydrocartsy! radical such as aryl, alkyl, alkenyt. alkylaryl, or arylalkyi radical having from 1-20 cartx)n 
atoms, hydrocarboxy radical having from 1-20 carbon atoms, or halogen; n and m are each 0, 1, 2, 3. or 4; z is 0 or 1, 

35 and z is 0 when y is 0; y is 0. 1 , or 2; x is 1 . 2, 3, or 4 depending upon the valence state of M; and x-y 1. 

Illustrative but non-limiting examples of metallocene catalysts of formula 1 are dialkyl metallocenes such as 
bis(cyclopentadienyl }titanium dimethyl, bis(cyclopentadienyl)titanium diphenyl, bis(cyclopentadienyl)zirconium dime- 
thyl, bis(cyclopentadienyl)zirconium diphenyl, bis(cyclopentadienyOhafnium dimetfiyl and diphenyl, be(cyclopentadi- 
enyl)titanium di-neoper%1, bis(cyclopentadienyl)zirconium di-neopentyl, bis(cyclopentadienyl)titanium dibenzyl, 

40 bls(cyclopentadienyl)zirconium dODenzyl, bis{cyclopentadienyl)vanadium dimethyl; the mono alkyl metallocenes such 
as bis(cyclopentadienyl)titanium methyl chloride, bis(cyclopentadienyl)titanium ethyl chloride, bis{cyclopentadienyl)tita- 
nium phenyl chloride, bis(cyclopentadienyl)zirconium methyl chloride, bis(cyclopentadienyl)zirconium ethyl chloride, 
bis(cyclopentadienyl)zirconium phenyl chloride, bis(cyclopentadienyl}titanium methyl bromide; the trialkyi metallocenes 
such as cyclopentadienyl titanium trimethyl, cyclopentadienyl zirconium triphenyl, and cyclopentadienyl zirconium trin- 

45 eopentyl, cyclopentadienyl zirconium trimethyl, cyclopentacfienyl hafnium triphenyl, cyclopentadienyl hafnium trineo- 
pentyl, arKi cyclopentadienyl hafnium trimethyl; monocydopentadienyls titanocenes such as, 
pentamethylcycloperrtadienyl titanium trichloride, pentaethylcydopentadienyl titanium trichlorWe; bis(pentamethylcy- 
clopentadienyl} titanium diphenyl, the carbene represented by the formula bis(cyclopentadienyl)titanium=CH2 and 
derivatives of tills reagent; substituted bis(cyclopentadienyl)titanium (1^/) compounds such as: bis(indenyl)titanium 

60 diphenyl or dichloride, bis{methylcyclopentadienyl)titanium diphenyl or dhalides; dialkyl. trialkyi. tetra-alkyi and penta- 
alkyl cyclopentadienyl titanium compounds such as bis(1 ,2-dimethylcyclopentadienyl)trtanium diphenyl or dichloride, 
bis(1,2-di6thylcyclopentadienyl)titanium diphenyl or dichloride; silicon, phosphine, amine or carbon tjridged metal- 
locene compounds such as isopropy1idene(cyclopentadienyl)(fluorenyl)zirconium dichloride, isopropylidene(cyclopen- 
tadienyf) (octahydrofluorenyOzirconium dichloride, diphenylmethylene(cyclopentadienyl)Oluorenyl) zirconium 

55 dichloride, diisopropylmethylene (cyclopentadienyl)(fluorenyl)zirconium dichloride, diisobutylmethylene(cyclopentadi- 
enyQ(fluorenyl) zirconium dichloride. diterti3utylmetiiylene (cyctopentadienyl)(fluorenyOzirconlum dichloride. cydohexy- 
lidene(cyclop ntadi nyl)(flu renyl) zirconium dichlorid , diisopropylm thylene (2,5- 

dimethylcycl p ntadi nyl)(flu renyl)zirconium dichloride, is pr pylidene(cydopentadi nyl)(fluorenyO hafnium dichlo- 
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ride, diphenylmethylene (cydopentadienyO (fluorenyl)hafnium dichlorida diisopropylmethylene(cyciopentadienyl] (flu- 
orenyl]hafhium dichloride, diisobutyimethylene(cycloperTtadienyQ(fluoren/l)hafiiium dichloride. di-t- 
butytmethylene(cycloperTtadienyI) (fluorenyl)hafnium dichloride, cyclohexylidene(cyclopentadlenyf)(fluorenyl]hafnlum 
dichloridei diisopropy1methylene(2,5-dimetliylcycloperttadienyO (fluorenyl)hafnium dichloride, isopropyl(cydopentadi- 

5 enyl){f luorenyl)titanium dichloride, diphenylmethylene(cyclopentadienyl)(fluorenyl)titaniLim dichi ride, diisopropylmeth- 
ylene(cycloperttadienyl)(fluorenyl)titanium dichloride, diisobu^methy1ene(cyclopentadienyl)(fluorenyl}trtanium 
dichloride, dltertbutylmethylene(cyclopentadienyO(fluorenyl)titanium dichloride, cyclohexylidene(cyclopentadtenyl)(flu- 
orenyl}tttanium dichioride, diisopropylmethylene(2,5 dimethylcyclopentadienyt fluorenyl)trtaniunri dichloride, rac-ethyl- 
enebl6{indenyl)zirconium dichloride. rac-ethyIenebis(4,5.6,7-H-tetrahydroindenyOzirconium dichloride, rac- 

10 dimethylsilylenebis(indenyl)zirconium dichloride, rac-dimethylsilylenebis(4,5,6,7-H-tetrahydroirKlenyl)zirconium dichlo- 
ride, rac-1, 1,2,2- tetramethylsilanylene bis (1-indenyl) zirconium dichloride, rac-1,1,2,2-tetramethylsilany1ene bis 
(4,5,6, 7-H-tetrahydro-1-lndenyl)zirconium dichloride, ethylidene (1-indenyl}(tetraniethylcyclopentadienyl) zirconium 
dichloride, rac-dimethylsllylene bis (2-methyl-4-t-butyl-1-cyclopentadienyl) zirconium dichloride, rac-ethylene b^ (1- 
indenyO hafnium dichloride, rac-ethylene bis (4,5.6,7-H-tetrahydro-1-indenyl) hafnium dichloride, rac-dimethylsilylene 

15 bis (1-indenyl) hafnium dichloride. rac-dimethylsilylene bis (4.5,6,7-H-tetrahydro-1- indenyO hafnium dichloride, rac- 
1,1,2,2- tetramethylsilanylene bis (1-indenyl) hafnium dichloride, rac-1,1,2,2-tetramethylsilanylene bis (4,5,6,7-tetrahy- 
dro-1-indenyl) hafnium dichloride, ethylidene (1-indenyl-2,3,4,5-tetrame1hyl-1-cyclopentadienyl) hafnium dichloride, 
rac- ethylene bis (1-indenyf) titanium dichloride, /ac-ethylene bis (4.5,6.7-H-tetrahydro-1-indenyl) titanium dichloride, 
rac- dimethylsflyl bis (l-indenyl) titanium dichloride, rac- dimethylsiiyi bis (4.5,6,7-H-tetrahydro-l-indenyl) titanium 

20 dichloride, rac-1,1,2,2-tetramethylsilanylene bis (1-indenyl) titanium dichloride rac-1,1.2.2-tetFamethylsilany!ene bis 
(4.5,6,7-H-tetrahydro-1-indenyl) titanium cfichloride, rac-ethylenebis(indenyl)zirconium dimethyl, /ac-ethyl- 
nebi8(4,5,6,7-H-tetrahydrolndenyQzirconium dimethyl, rac-dimethylalylenebl8(indenyOzirconlum dimethyl, rac- 
dimethy!silytenebis(4,5.6,7-H-tetrahydroindenyl)zirconium dimethyl, isopropylidene(cydopentadlenyl)(fluorenyl)zirco- 
nium dimethyl, diphenylmethylene(cydopentadienyl)(fluorenyl)zirconium dimethyl, /ac-ethylenebis{2-methylindenyl)zlr- 

26 conium dichloride, rac-dimethylsilylenebis(2-methylindenyl)zirconium dichloride, rac-ethylenebis(2- 
methylindenyl)zirconium dimethyl, rac<limethylsllylenebis(2-methyllndenyOzirconium dimethyl, dimethylsilylene , 
bis(cycloperttadienyOzirconium dichloride. and ethylidene (1-indeny1)(2.3,4,5-tetramethyl-1-cyclopentadienyO titanium 
dichloride. 

A more preferred metallocene catalyst containing at least one cydopentadienyl group bonded to a Group IIIB to VIII 
30 metal is a bridged metallocene having the formula: 



35 



40 




wherein: 

Q is a bridging linl^ge selected from 

60 R"2CC R"2Si<. R"2Ge<. and -C2R"4- 

wher in each R" moiety is independentiy H or an alkyi group, or two R" moieties are joined to form a ring structure. Pref- 
erably, when an R" moiety is an alkyI group, it contains 3 to 8 cart>on atoms, arvi when two R" moieties are joined to 
form a ring structure with the atom or atoms to which they are respectively attached, a 5 or 6-membered ring is formed. 
The subscripts m and n are each 0.1.2, 3, or 4. and the sum of m and n is preferably 2 to 6. The metal M is a Ti. Zr. or 

55 Hf atom, preferably Zr. Each is independently H, an alkyI group, or a halogen atom. 

In bridged metallocenes, the cyclic n-bonded moieties may bear one or more substituents R. Each R moiety is Inde- 
pendently an alkyI, cydoalkyi, alkenyl, cycloalkenyl, phenyl, alkyl-substituted phenyl, or a phenyl-substituted alkyI 
group, or two adjacent R groups on a given ring are joined to form a second ring. Preferably, each R moiety is independ- 
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entty an alK/l or cycioalkyt group of 3 to 8 carbon atoms, an alkenyl group of 2 to 8 carbon atoms, a cycloalkenyl group 

of 5 to 8 carbon atoms, phenyl, an alkyl-substituted phenyl group in which the alky! group contains 3 to 8 carbon atoms, 

a phenyl-substituted aikyi group In which the alkyi portion contains 1 to 4 cart>on atoms, or two adjacent R groups on a 

given ring are joined and together with the carbon atoms to which they are respectively attached form a saturated or 
5 unsaturated 4.5, or 6-membered ring. 

The fbliowing compounds are illustrative but non-limiting examples of bridged metallocenes of formula (2) that may 

b used as the metallocene catalyst: 

rac-ethylenebis{indenyl)zirconium dichloride; 

rac-ethyIenebis(4.5,6,7-H-tetrahydroindenyl)zirconium dichloride: 
10 /ac-dimethylsilylenebis(indenyl}zirconium dichloride; 

rac<limethylsilylenebis(4,5,6,7-H-tetrahydroindenyl)zirconium dichloride; 

rac-ethy!enebis(lndenyOzirconium dimethyl ; 

rac-ethylenBbis(4,5,6,7-H-tetrahydroindenyOzirconium dimethyl; 

rac-dimethylsllylenebis(indeny1)zirconlum dimethyl; 
15 rac-dimethylsilyIenebis(4,5,6.7-H-tetrahydroindenyl)zirconiumdim^hyl; 

rac-ethylenebis(2-methylindenyl)zirconium dichloride; 

rac-dimethylsilylenebis(2-methylindenyOzirconium dichloride; 

rac-ethy1enebis(2-methylindenyOzirconium dimethyl; 

rdc-dimethyl8ilylenebis(2-methylindenyQzirconium dimethyl; 
20 isopropylidene(cyclopentadienyl)(fluorenyOzirconium dichloride; 

diphenylmethylene(cyclopentadienyl)(fluorenyl)zlrconium dichloride; 

isopropylidene(cyclopentadienyl)(fluorenyl)zlrconium dimethyl; diphenylmethylene(cyclopentadienyl)(fluorenyl)zirco- 
nium dimethyl; and 

dimethytsilylbis (cyclopentadienyl)zirconium dichloride. 

25 Bridged metallocenes may be made by one of several methods. For exanple, see A. ,Razavi and J. Ferrara, J. 
Organomet Chem. , 435. 299 (1992) and K P. Reddy and J. L Petersen, Organometallics .g, 2107 (1989). One method 
conrprises first reacting two equivalents of an optionally substituted cyclopentadiehe with a metallic deprotonating 
agent such as an alkyllithium or potassium hydride in an organic solvent such as tetrahydrofurnn, followed by reaction 
of this solution with a solution of one equivalent of a doubly-halogenated compound such as dichlorodimethylsilane. 

30 The resulting ligand is then isolated by conventional methods kriown to those skilled in the art (such as distillation or 
liquid chromatography), reacted with two equivalents of a metallic deprotonating agent as above, arid then reacted with 
one eqiivalent of a tetrachloride of a group IV(6) metal, optionally coordinated with donor ligand molecules such as tet- 
rahydrofuran, in organic solvent The resulting bridged metallocene is isolated by methods known to those skilled in the 
art such as recrystallization or sublimation. 

35 Alternatively, bridged metallocenes may be produced by first reacting one equivalent of an optionally substituted 
cyclopentadiene with one equivalent of metallic deprotonating agent in an organic solvent as above, followed by reac- 
tion with one equivalent of a molecule containing an unsaturated five-cartx)n ring to which is attached an exocyclic 
group susceptible to nudeophilic attack, such as a dialkylfulvena The reactive solution Is next quenched with water and 
the ligand is isolated by conventional methods. One equivalent of the ligand Is next reacted with two equivalents of 

40 metallic deprotonating agent as above and the resulting solution is in turn reacted witii one equivalent of a tetrachloride 
of a group IV(B) metal optionally coordinated with donor ligand nx)lecules such as tetrahydrofuran, in organic solvent. 
The resulting bridged metallocene is isolated by methods known to those skilled In the art. 

Another class of useful metallocene catalysts are constrained geometry metallocenes as described In PCT Publi- 
cation No. WO 93/08221 . Constrained geometry metallocenes are coordination complexes comprising a metal atom of 

45 Groups IIIB to VIII, or the Uinthanide series and a delocalized n-bonded moiety substituted with a constrain-inducing 
mdety. said complex having a constrained geometry about the metal atom such that the angle at tiie metal atom 
between tiie centroid of tiie delocalized. substituted ic-bonded moiety and tiie center of at least one remaining substit- 
uent is less than such angle in a similar complex containing a similar Tc-bonded moiety lacking in such constrain-induc- 
ing moiety, and provided further that for such complexes comprising wore than one delocalized, substituted 7c-bonded 

60 moiety, only one tfiereof for each metal atom of the complex is a cyclic, delocalized. substituted tc-bonded moiety. 
Preferred constrEiined geometry metallocenes have the formula: 



55 
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- Y" 



Cp* 



/ 



(3) 




(X)n' 



wherein M' is a metal of Groups IIIB-VIII or the Lanthanide series of the Periodic Tattle; Cp^ is a cydopentadienyl or sub- 
stituted cyclopentadienyl group Isound in an bonding mode to M*; Z is a moiety conprising boron or a member of 
Group IVa of the Periodic Table, and optionally sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and 
optionally Cp* and Z together form a fused ring system; each X Is independently an anionic ligand group or neutral 
Lewis base ligand group having up to 30 non-hydrogen atoms; n' is 1, 2, 3. or 4 Eind is 2 less than the valence of M'; 
and Y** is an anionic or nonionic ligand group bonded to Z and M' comprising nitrogen, phosphorus, oxygen, or sulfur 
and having up to 20 nonhydrogen atoms, optionally Y" and Z together form a fused ring system. ^ 

Examples of prefen'ed constrained geometry metallocenes include (tert-butylamido)(tetramethyl^^-cydopentadi- 
enyl)-1 ,2-ethanediylzirconium dichloride. {tert-butylamido)(tetramethyl-ti^-cyclopentadienyl)-1 ,2-ethanecfiyltitanium 
dichloride, {methylamido)(tetramethyl-n®-cyclopentadieny0-1,2-ethanediylzirconium dichloride, (methylamido)(tetram- 
ethyl-ii®-cyclopentadienyi)-1,2-ethanediyltrlanium dichloride, (ethylamldo)(tetramethyl-n^-cyclopentadienyO-methyl- 
netitanium dichloro, (tertl3utylamido)dibenzyl(tetrameth^-il^-cyclopentadienyl)-silanezirconi um dibenzyl , 
(benzylamido)dimethyl-(tetram6thyl-T)^-cyclopentadienyl)silanetrtanium dichloride, (phenylphosphido)dimethyl(tetram- 
ethyl-n^-cyclopentadienyl)silanezirconium dibenzyl, (tertbutylamido)dimethyl{tetramethyl-n^-cydopentadienyl)silaneti- 
tanium dimethyl, and the lika 

The cocatalyst is capable of activating the metallocene catalyst, and may be one of the following: (a) branched or 
cydic oligomeric poly(hydrocarbylaluminum oxide)s which contain repeating units of the general formula -(A1(R"')0)-. 
where R'" is hydrogen, an alkyi radical containing from 1 to 12 carbon atoms, or an aryl radical such as a substituted or 
unsubsuituted phenyl or naphthyl group; (b) ionic salts of the general formula [A^[BRV]i where is a cationic Lewis 
or Bronsted add capable of abstracting an alkyI, halogen, or hydrogen from tiie bridged metallocene catalyst, B is 
tsoron, and R* is a substituted aromatic hydrocart>on, preferably a perfluorophenyl radical; and (c) boron alkyls of the 
general formula BR*3, where R* is as defined above. 

Preferably, the cocatalyst is a branched or cyclic oligomeric poly(hydrocarbylaluminum oxide). More preferably, the 
cocatalyst is an alumlnoxane such as methylalumlnoxane (MAO) or modified methylaluminoxane (MMAO). 

Aluminoxanes are well known in the art and comprise oligomeric linear alkyI aluminoxanes represented by the for- 
mula: 




and oligomeric cydic alkyI aluminoxanes of the formula: 




wherein s is 1-40. preferably 10-20; p is 3-40, preferably 3-20; and R'" is an alkyI group containing 1 to 12 carbon atoms, 
preferably methyl or an aryl radical such as a substituted or unsubstituted phenyl or naphtiiyl radical. 
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Aluminoxanes may be prepared in a variety of ways. Generally a mixture of linear and cyclic aluminoxanes is 
obtained in the preparation of aluminoxanes from, for example, trimethylaluminum and water. For example, an alumi- 
num alkyi may be treated with water in the form of a moist solvent. Alternatively, an aluminum alkyi, such as trimethyl- 
aluminum, may be contacted with a hydrated sah. such as hydrated ferrous sulfate. The latter method comprises 

5 treating a dilute solution of f im thylaluminum in, for example, toluene with a suspension of ferrous sulfate heptahy- 
drate. It is also possible to form methylaluminoxanes by tiie reaction of a tetraalkyl-dialuminoxane containing C2 or 
higher alkyi groups with an amount of trimethylaluminum that is less than a stoichiometric excess. The synthesis of 
methylaluminoxanes may also be achieved by the reaction of a trialkyi aluminum compound or a tetraalkylcGaluminox- 
ane containing C2 or higher alkyi groups with water to form a polyalkyi aluminoxane. which is then reacted wrtii trimeth- 

10 ylaluminum. Further modified methylaluminoxanes, which contain both methyl groups and higher alkyi groups, may be 
synthesized by the reaction of a polyalkyi aluminoxane containing C2 or higher alkyi groups with trimethylaluminum and 
then with water as disclosed in, for example, U.S. Patent No. 5,041 ,584. 

The amount of metallocene catalyst and cocatalyst usefully employed in the catalyst composition may vary over a 
wide range. When the cocatalyst is a branched or cyclic oligomeric poly(hydrocarbylaIuminum oxide), tiie mole ratio of 

IS aluminum atoms contained in the poly(hydrocart5ylaluminum oxide) to metal atoms contained In the metallocene cata- 
lyst is generally in the range of from 2:1 to 1 00,000:1 , preferably in the range of from 1 0:1 to 1 0.000:1 . and most pref- 
erably in the range of from 50:1 to 2.000:1. When the cocatalyst is an Ionic salt of the formula IA+][BR*4-] or a boron 
alkyi of the formula BR^, tiie mole ratio of boron atoms contained in the ionic salt or the boron alkyi to metal atoms 
contained in the metallocene catalyst Is generally In the range of from 0.5:1 to 1 0:1 , preferably In the range of from 1 :1 

20 to 5:1. 

TTie catalyst composition may optionally contain one or more second catalysts. TTiese second catalysts include for 
example any Ziegler-Natla catalysts containing a metal from Groups 1V{B), V(B), or VI(B) of the Periodic Table. Suitable 
activators for Ziegler-Natta catalysts are well known in the art and may also be Included in the catalyst composition. 
The f Oler material is selected from organic and inorganic compounds that are Inert to the cocatalyst and the metal- 
2S locene catalyst. Examples include alumina, titanium dioxide, polystyrene, rubber modified polystyrene, polyethylene, 
polypropylene, magnesium chloride, and silicon dioxide such as fumed silica. Such fillers maybe used individually or in 
coni}inations. 

The filler material has an average particle size in the range of 0.001 to 0.1 micrometers. The catalyst conposition 
Is prepared by forming a well-stirred suspension of finely divided filler material, one or more metallocene catalysts and 

30 one or more cocatalysts in one or more suitable diluents, and tiien spray drying the suspension. Typically, in preparing 
the suspension, the filler material Is added to a solution or dispersion of the cocatalyst to form a first suspension. The 
first suspension is stirred for approximately 20 to 60 minutes, and then a solution or dteperslon of the metallocene cat- 
alyst is added thereto. The resulting final suspension is stinted for a further 20 to 60 minutes and then spray dried. The 
same or different diluents may be used for the metallocene catalyst and the cocatalyst. 

35 Preferably, spray drying Is performed by spraying the suspension tiirough a heated nozzle into a stream of heated 
Inert drying gas, such as nitrogen, argon, or propane to evaporate the diluent and produce solid-form particles of met- 
allocene catalyst and cocatalyst in a matrix of filler material. The volumetric flow of ttie drying gas is preferably consid- 
erably larger than the volumetric flow of the suspension. Atomization of the suspension may be accomplished using an 
atomizing nozzle or a centrifugal high speed disc atomizer. 

40 The diluent employed in forming the suspension is typically a material capable of dissolving or suspending the met- 
allocene catalyst and the cocatalyst, and suspending the filler material. For example, hydrocarbons such as linear or 
branched alkanes including n-hexane, n-pentane and isopentane; aromatics such as toluene and xylene; and halogen- 
ated hydrocarbons such as dichloromethane are useful as the diluent. Preferably, for practical reasons the diluent has 
a boiling point from 0-1 50* C. 

45 The amounts of metallocene catalyst and cocatalyst erpployed in the su^ension of metallocene catalyst, cocata- 
lyst and filler material are as follows. When the cocatalyst Is a branched or cyclic oligomeric poly(hydrocari3ylaluminum 
oxide), the nriole ratio of aluminum atoms (from the cocatalyst) to transition metal (from the metallocene catalyst) In the 
suspension is between 10 and 5000, preferably 50 to 1000, and most preferably 100 to 500. When the cocatalyst Is an 
Ionic salt of the formula [A+][BR*4-] or a boron alkyi of tiie formula BR*3. tiie mole ratio of boron atoms (from the cocat- 
60 alyst) to transition metal (from the metallocene catalyst) in tiie suspension is between 0.5 and 10, preferably 1 to 5. 

The amount of filler employed in forming the suspension is from 1 to 80 percent by weight, preferably 10 to 60 per- 
cent by weight, and most preferably 20 to 50 percent by weight, based on the total weight of the catalyst composition. 

The spray dried, filled catalyst composition may optionally contain an organic or inorganic conpound as a binder 
so that particle Integrity Is further enhanced. The binder may also serve a second function, such as stabilizing the final 
55 polyolefin product against oxidati n, or improving the gas phase fluidization of nascent polymer particles. Such com- 
pounds are well known in the art. 

Th spray dried, filled catalyst composition is a particulate mat rial containing at least one cocatalyst and at least 
one m tallocene catalyst in a matrix of at least ne inert filler material. Th particles of catalyst composition have an 
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average particle size of 5 to 600. preferably 10 to 80, micrometers. The catalyst composition may be mixed with a suit- 
able protective material such as mineral oil for storage. 

The catalyst composition may be used in the polymerization of ethylene and pllonally higher alpha-olefin mono- 
mers. i.e.. having 3 to about 8 carbon atoms. Into ethylene homopolymers and copolymers. 

The p lymerization process may be conducted in the gas phase in a stirred or fluidized bed reactor, or in a slurry 
phase reactor using equipment and procedures well known in the art. Ethylene monomer and optionally one or more 
higher alpha-olefin monomers are contacted with an effective amount of catalyst composition at a temperature and a 
pressure sufficient to initiate polymerization. The process may be earned out in a single reactor or in two or more reac- 
tors in series. The process Is conducted substantially in the absence of catalyst poisons such as moisture, oxygen, car- 
bon dioxide, and acetylene, since only minor amounts (i.a ^ ppm) of such materials have been found to affect the 
polymerization adversely. 

Conventional additives may be included in tiie process. When hydrogen is used as a chain transfer agent in the 
process, it Is used in amounts varying between 0.001 to 10 moles of hydrogen per mole of ethylene plus comonomer. 
Also, as desired for temperature control of the system, any materials Inert to the catalyst composition and reactants can 
also be present in the system. 

Organometallic compounds may be employed as external cocatalysts in the polymerization process to scavenge 
for poisons and increase the catalyst activity. Often tine same compounds useful as cocatalysts are also useful as exter- 
nal cocatalysts. Examples of useful external catalysts are metal alk/ls. preferably aluminum alkyls. most preferably tri- 
isobutylaluminum. Use of such external cocatalysts is well known in the art. 

The spray dried, filled catalyst conposition has good activity In both f luidised bed reactors and slurry reactors. In 
particular, the activity of the spray dried, filled catalyst composition Is comparable to tiiat of both supported and unsup- 
ported (l.e.. in solution) metallocene catalysts. 

Moreover, polyethylene produced using the spray dried, filled catalyst composition has excellent morphology It Is 
believed this is because littie fragmentation of the catalyst composition particles occurs prior to the onset of polymeri- 
zation. When polymerization begins, polymer begins to grow around the catalyst composition particles and tine mor- 
phology of the catalyst composition particles is replicated in the morphology of the polymer particles, polymer holding 
each growing particle together. Therefore, particles of polyethylene having a well defined and uniform morphology are 
produced. Accordingly, the spray dried, filled catalyst composition advantageously combines activites conparable to 
those of conventional metallocene catalyst conpositions with the ability closely control the morphology of tiie polymer 
product 

Examples 

Activity was measured In kg(polymer)/mmolZr • h • MPa(C2H4). 
Cab-O-SII® TS-610 Is fumed silica, available from Cabot Corporation. 
Davison® 955 silica is available from W.R. Grace & Company 
DCM Is dichloromethane. 

DPZ is diphenylmethylene(cyclopentadlenyl)(fluorenyl)-zirconium dichloride. 

Fl Is flow index, reported as grams per 10 minutes, determined in accordance with ASTM D-1238. condition F. and 
was measured at ten times the weight used in the melt index test. 

ICP stands for Inductively coupled plasma analysis, the technique by which the metal residues In tiie catalyst com- 
positions were determined. 

Irgafbs® 168 Is tris(2,4-di-tert-butylphenyOphosphite, available from Ciba-Qeigy Corporation. 

I^ydol® Is mineral oil, available from Witco Corporation. 

MAO is methylalumoxane, 1 1 weight % in toluene, available from Ethyl Corporation. 

Ml Is melt index, reported as grams per 10 minutes, determined in accordance witii ASTM D-1238. condition E, at 
190<»C. 

MMAO-H Is modified methylalumoxane. 9 weight Al % In heptane, available from Akzo Corporation (type 3A). 
MMAO-P Is modified methylalumoxane, 7 weight % in isopentane, available from Akzo Corporation (type 3A). 
TiBA is triisobutylalumlnum, 0.87 mol/L (20 wt % in hexane). 

Preparation pf dlphenylmethylenefCYplQpentadlenylKf luorenyl)zlroonlum dlchlorldfi (DPZ) 

Synttiesis of diphenylmethytene(cyclopentadienyQ-(f luorenyOzirconium dichloride. a brkJged metallocene useful as 
a metallocene catalyst, was carried out as follows. 

A solution of n-butyllithium In hexane (75 ml, 187.5 mmol) was added dropwise under nitrogen to a stinred solution 
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of 30.45 g (183 mmol) fluorene in 225 ml THF held at ambient temperature by immersion in a cold water bath. The 
resulting deep red mixture was stirred for 1 .5 hours. 

A solution of 42.76 g (186 mmol) diphenylfulvene in 200 ml THF was added to this fluorenyl anion solution via an 
addition funnel. The mixture was stirred for 40 hr at room temperature. 

5 Th reaction mixture was quenched by careful addition of 300 ml saturated aqueous ammonium chloride. TTie 
organic fraction was collected, combined with ether washings of the aqueous fraction, and stripped of most of the sol- 
V nt on a rotary evaporator, leaving an orange slurry 250 ml diethyl ether were added to this slurry, the mixture was 
filtered, and the solid washed with additional ether. The solid was dried In vacuo overnight, yielding 31.09 g of 
(cyclopentadienyl)-(f luorenyl)diphenylmethane (43%) . 

10 A solution of methyllithium in diethyl ether (1 15 ml. 161 mmol) was added dropwise to 30.98 g (78 mmol) of the 
cyclopentadienyO(fluorenyf) diphenylmethane slurried in 500 ml THF held at O^'C. Following the addition, the solution 
was allowed to warm to ambient temperature. After 2 hours, most of the solvents were removed from the blood-red solu- 
tion in vacuo and 400 ml hexane were stirred with the red slurry overnight. The brown solid was collected on a filter, 
washed witii hexane and dried for 3 hours in vacuo. 38.99 g of dilithio(cyclopentadienyl) (fluorenyl)dipheny!methane 

15 bis(tetrahydrofuran) were obtained, 90%. 

16.6 g (71 mmol) solid zirconium tetrachloride under argon were slowly added to a slurry of 38.99 g (71 mmol) of 
dilrthio(cycfopentadienyl) (fluorenyf)diphenylmethane bls(tetrahydrofuran) (71 mmol) in 250 ml hexane. The slurry was 
stirred at room temperature overnight. The resulting slurry was centrifuged to settie tiie solids. The supernatant was 
removed by cannula and discarded, while the solid residues were slurried in hexane and centrifuged. The supernatant 

20 was again rentoved by cannula and discarded, while the solid residues were dried in vacuo for 3.25 h. The result was 
a mixture of diphenylmethylene(cyclopentadienyl)(fluorenyl) zirconium dichloride and lithium chloride. 45.57 g (100%). 

Preparation of Spray Dried, niled Calalysts Compositions 

25 Spray dried, f Qled catalyst compositions of the invention (Examples A to H) were prepared as follows. Ingredients 
and amounts are shown in Table 1 . 

For each catalyst composition, the filler and cocatalyst were mixed togetiier for at least one hour at room terrpera- 
ture. Then DPZ (the metallocene catalyst) was added in Diluent 1. followed by Diluent 2 if necessary In Catalyst Com- 
positions F and G Irgafos® 168 was added as a binder and stabilizer. The resulting mixture was stinred for about 20 

30 minutes, then sprayed through a spray dry apparatus as shown in Figure 1 . 

Refen^lng to Figure 1 , each mixture was drawn through silicone tiding from a reservoir attached at point C by a per- 
istaltic punrip D. As the mixture passed through nozzle F tt was mixed with atomizing nitrogen gas. which entered the 
system at point E. The mist of catalyst composition thus formed in the drying chamber Q then dried in the presence of 
batii nitrogen gas. which entered the drying chamber at point A. heated by heater B before entering. Particles of unac- 

35 ceptably large diameter catalyst conrposition were not entrained in the nitrogen flow and dropped into oversize collec- 
tion pot H. The remainder of the catalyst composition continued through chamber outiet I Into the cyclone separator J, 
where the particulate catalyst composition was disengaged from ttie gas stream and dropped into a removable product > 
collection pot K, from which the fully activated catalyst composition was recovered. The niti^ogen gas was drawn through 
the aspirator L and removed from the system at point M. 

40 In each case, the nozzle temperature was at or above the boiling point of the highest boiling component of the mix- 
ture. 

Tlie resultant catalyst composition Al and Zr loadings are shown in Table 1 . 
Preparation of Slllca-Supported DPZ Catalyst Composition 

45 

A comparative sample of a supported catalyst composition was prepared as follows. This catalyst is referred to as 
G-7 in Table 3. 

A stirred glass autoclave was charged first with 3,900 mL of MAO, followed by 596 g of Davidson® 955 silica (cal- 
cined at 600°C). The resulting sluny was stirred at ZCrC for 2 h. A solution of 20 g of DPZ (31 mmol) in 480 mL of tol- 

60 uene was introduced into the reactor, causing the color of the mixture to turn to deep purple. The catalyst mixture was 
stinred at ambient temperature for 16 h. The solvent was removed under vacuum with heating of the reactor jacket to 
maintain a material temperature of 72''C until the solid was free-flowing, and at a temperature of 60''C until the material 
was dry. The sample was discharged through a valve at the bottom of the reactor and found to weigh 1258 g. 

A 40.0 g amount of the above material was placed under vacuum in a flask and held in an oil bath at 60^0 for 2 h 

55 to dry further. From this sample was obtained 26.7 g of pink f r e-f lowing solid witii Zr and Al loadings of 3.39 x 1 0'^ and 
5.2 X 10'^ mol g~\ respectively as determined by ICR A mixture of 20.2 g of this solid in 80.5 g of mineral oil was pre- 
pared for use in th gas-phase r actor. 
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Slurry PolymerlzatlQn Tflgls 

The spray dried, filled catalyst compositions of the invention were used to polymerize thylene in a 1 -liter stirred 
steel autoclave slurry reactor charged with 500 mL of hexane, 20 mL of 1-hexene, 0.5 L of hydrogen, and brought to a 
total pressure of 1.03 MPa with ethylene (Examples SL-1 to SL-16). Reaction time was one half hour. Materials, 
amounts and conditions are given In Table 2 below. The reaction temperature for each example was 80** C. except for 
Example SL-14, which was run at 85** C. 

For each polymerization trial, the spray dried, filled catalyst composition was either used directly or mixed with the 
amount of Kaydol® shown in Table 2 to form a catalyst composition slun^y. The catalyst composition or catalyst compo- 
siti n slurry was then mixed with an aluminum alkyi external cocatalyst in 50 mL of hexane as shown in Table 2. This 
was fed to the polymerization reactor. 

The reaction was terminated by venting the reactor and adding the reaction mixture to a mixture of isopropanol and 
methanol to precipitate the polyethylene. The polyethylene was collected on fitter paper and dried in a vacuum oven 
vernight at about 40**C. 

The results in Table 2 show that the spray dried, filled catalyst composition has good catalytic activity for producing 
polyethylene in a slurry reactor. In each of the runs made in the slun'y reactor, the spray dried, filled catalyst composition 
maintained good particle integrity and morphology during polymerization. 

As a comparison, an unsupported catalyst was also used to polymerize ethylene under the same conditions in the 
slurry reactor (Example SL-17). The catalyst was a solution of 2.5x10"^ moles/L of DPZ in toluene. 

Gas Phase Reactor TVIals 

Spray dried, filled catalyst compositions (Examples G-2, G-3, G-4, G-5 and G-6), an unsupported catalyst compo- 
sition (Example G-1) and a silica supported catalyst composition (Example G-7) were evaluated In polymerization trials 
In a horizontally mixed two-phase (gas/solid} stin-ed bed reactor In which multiple "plows' were mounted horizontally on 
a central shaft rotating at 190 rpm to Keep particles in the reactor mechanically fluidized. Materials, amounts and con- 
ditions for each run are given in Table 3. Gas was continually recirculated through tiie apparatus. The reaction times 
w re typically in the range of 4 to 12 hours. 

Monomers and hydrogen (for molecular weight control) were fed to the reactor as required to maintain gas conpo- 
sitlon. The metallocene catalyst was metered into the reactor mixed wHh a continuous stream of cocatalyst solution. 
The mixed solution feed was sprayed Into the reactor by a constant fbw of nitrogen. Cocatalyst feed rate was main- 
tained in proportion to the catalyst feed rata 

Specifically, the slurry catalyst feeder consisted of a 33 ml agitated feed catalyst reservoir connected to a plunger- 
type metering pump. The reservoir was maintained at a pressure 1 0 psi below reactor pressure by a high purity nitrogen 
blanket. The metering pump di^laced lOOfil on each stroke, and the catalyst feed rate was controlled by varying the 
stroke frequency generally In the range of 0.5 to 10 strokes per minute. Catalyst was injected into a stream of solvent 
or aluminum all^ solution for transport to the reactor through a 0.32 cm (1/8*0 o.d. stainless steel tube. A metered flow 
of high purity nitrogen was also added to the injection tube to prevent diffusion of monomers back into the tube. 

The following conditions obtained in the reactor, except where Table 3 differs: 

a) total reactor pressure. 2.41 MPa; 

b) partial pressure of monomer, 1 .65 MPa; 

c) ratio of hydrogen to ethylene monomer, 0.013; 

cO molar ratio of 1-hexene to ethylene. 0.0043 in tiie gas phase; 
e) reactor temperature. 85*C. 

Nitrogen made up tiie balance of tiie gas conposition. 

At the end of each run. the reactor was vented, monomers were purged from the resin with nitrogen, and the batch 
was discharged tiirough a valve to the open atmosphere. 

The spray dried, filled catalyst compositions had activities comparable to both solution and silica-supported formu- 
lations. While the form of the spray dried, filled catalyst conposttion was very different from both the solution and silica- 
supported catalyst compositions, the characteristics of the polymer product, such as comonomer response (as indi- 
cated by the densities), retained the desirable features of metallocene-catalyzed polyethylene. 

The data of Table 3 also shows that the spray dried, filled catalyst composition can be conveyed directiy into a flu- 
idized bed reactor (s e Example G-3. In which no diluent was used for tiie catalyst composition) or admitted as a slurry 
In mineral oil. Again, the spray dried, filled catalyst compositions advantageously maintained tiieir shape during polym- 
erization. 

Other embodiments of the invention will be apparent to tfiose skilled in the art from a oonsiderati n of this specrfi- 



10 



EP0 668 295 B1 



cation or practice of the invention disclosed herein. It is intended that the ^ecrf ication and examples be considered as 
exemplary only, with the true scope of the Invention being Indicated by the following claims. 



Table 1 



Preparation of Spray Dried. Filled Catalyst Compositions 


Catalyst Conrv 
posltlon 


A 


B 


c 


D 


E 


F 


Q 


H 


DP2,g 


1.0 


1.0 


1.0 


1.1 


2.0 


0.5 


2.2 


0.2 


Cocatalyst 


MMAO-H 


MAO 


MAO 


MMAO-H 


MMAO-H 
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55 Claims 

1 . A spray dried catalyst composition comprising solid particles, ach particle comprising a mixtur of: 
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a) a metallocene catalyst comprising an organometaliic compound containing a metal atom of Group IIIB to VIII 
or the Lanthanide series of the Periodic Table; 

b) a cocatal/st capable of activating the metallocene catal/st; and 

c) particulate filler mat rial having an average partide size of 0.001 to 0.1 microm ters that is unreactive with 
5 the metallocene catalyst and the cocatalyst wherein the average particle size of the catalyst composition is 5 

to 500 micrometers. 

2. The catalyst composition of claim 1 , wherein the metallocene catalyst has the formula: 

10 (C5Rn)yR'z(C5Rm)MY(x.y.1) 

wherein M is a metal from Groups IIIB to VIII of the Periodic Table; (CsRfO and (CsRm) are independently cyclopen- 
tadienyl or substituted cyclopentadienyl groups bonded to M; each R is Independently hydrogen or a hydrocarbyl 
radical such as alkyl, alkenyl. aryl, alkylaryl. or arylalkyi radical containing from 1 to 20 carbon atoms, or two cartx)n 

75 atoms are joined together to form a C4-C6 ring; each R' is a C1-C4 substituted of unsubstituted alkylene radical, a 
dialkyi or diaryl germanium or silicon, or an alkyl or aryl phosphine or amine radcal bridging two (CsRn) and (CsR^) 
rings; each Y is independently a hydrocarbyl radical such as aryl, alkyl. alkenyl, all^aryl, or arylalkyi radical having 
from 1-20 carbon atoms, hydrocarboxy radical having from 1-20 cartxsn atoms, or halogen; n and m are each 0, 1, 
2. 3, or 4; zisO or 1, and z isO when y isO; y isO, 1, or 2; x is 1, 2. 3, or 4 depending upon the valence state of M; 

20 and x-y ^ 1 . 

3. The catalyst composition of claim 1 , wherein the metallocene catalyst is a bridged metallocene having the formula; 



25 



30 



35 




wherein: 

40 Q is a brkjging linkage selected from 

R"2C<. R"2SiC R"2GeC and -C2RV 

wherein each R" nnoiety is independently H or an alkyl group, or two R" moieties are joined to form a ring: 
each R moiety is independently an alkyl. cycloalkyi, alkenyl, cydoalkenyl, phenyl, alkyl-substituted phenyl, 
or a phenyl-substituted alkyl group, or two adjacent R groups on a given ring are joined to form a ring; 
45 misO, 1, 2, 3, or 4; 

nisO, 1,2, 3, or 4; 

M is a Ti, Zr, or hlf atom; and 

each Y' is independently H, an alkyl group, or a halogen atom. 

60 4. The catalyst composition of daim 1 wherein the metallocene catalyst is a constrained geometry metallocene com- 
prising a metal atom of Groups III to VIII, or the Lanthanide series and a delocalized 71-bonded moiety substituted 
with a constrain-indudng nxsiety, said complex having a constrained geometry about the metal atom such that the 
angle at the metal atom between the centroid of the delocalized, substituted n-bonded moiety and the center of at 
least one remaining sutsstituent is less than such angle in a similar complex containing a similar 7c-tx)nded moiety 

55 lacking in such constrain-indudng moiety, and provided further that for much complexes comprising more than one 
delocalized, substituted n-bonded moiety, only one thereof for each metal atom of the complex is a cydic. delocal- 
ized, substituted n-bonded moiety. 
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The catalyst composition of claim 1. wherein the cocatalyst is a methylaluminoxane or a modified methylaluminox- 
ane. 

A method of preparing a spray dried catalyst composition, comprising: 

forming a suspension comprising: a) a metallocene catalyst comprising an organometaliic compound contain- 
ing a metal atom of Group NIB to VIII or the Lanthanide series of the Periodic Table; b) a cocatalyst capable of 
activating the metallocene catalyst; and c) particulate filler material having an average particle size of 0.001 to 
0.1 micrometers that \s unreaclive with the metallocene catalyst and the cocatalyst, in a diluent; and 
spray drying the suspension to obtain the catalyst composition having an average particle size of 5 to 500 
micrometers. 

The method of claim 6, wherein the metallocene catalyst has the formula: 



wherein M Is a metal from Groups IIIB to VIII of ttie Periodic Table; (CsRn) and (CsR^) are independentiy cyclopen- 
tadienyl or substituted cyclopentadienyl groups bonded to M; each R is Independentiy hydrogen or a hydrocarbyf 
radical such as alkyi, alkenyl, aryl, alkylaryl, or arylalkyi radical containing from 1 to 20 carbon atoms, or two carbon 
atoms are joined togetiier to form a C4-C6 ring; each R' is a Ci-C4 substituted of unsubstituted alkylene radical, a 
dialkyi or diaryl germanium or silicon, or an alkyi or aryl phosphine or amine radical bridging two (CsRn) and (CsR^) 
rings; each Y is independentiy a hydrocarbyl radical such as aryl, alkyI, alkenyl, alkylaryl, or arylalkyi radical having 
from 1 *20 carbon atoms, hydrocarboxy radical having from 1 -20 carbon atoms, or halogen; n and m are each 0, 1 , 
2. 3. or 4; z is 0 or 1 , and z is 0 when y is 0; y is 0, 1 , or 2; x is 1, 2, 3, or 4 deperKling upon the valence state of M; 
andx-y^$ 1. 

The method of claim 6, wherein tiie metallocene catalyst is a bridged metallocene having tiie formula: 



wherein: 

Q is a bridging linkage selected from 
R"2CC R"2S'<. R"2QeC and -CgR^U- 

wherein each R" moiety Is independentiy H or an alkyI group, or two R" moieties are joined to form a ring; 
each R moiety is independentiy an alkyI, cycloalkyi, alkenyl, cycloalkenyl. phenyl, alkyl-substituted phenyl, 
or a phenyl-substituted alkyi group, or two adjacent R groups on a given ring are joined to form a ring; 
mIsO, 1, 2, 3, or 4; 
n is 0, 1,2,3, or 4; 
M is a Ti, Zr, or Hf atom; and 

each Y* is independently H, an alkyI group, or a halogen atom. 

The method of claim 6, wherein the metallocene catalyst is a constrained geometry metallocene comprising a 
metal atom of Groups III to VIII, or the Lanthanide series and a delocalized n-bonded moiety substituted with a con- 
strain-inducing moiety, said complex having a constrained geometry about the metal atom such that the angle at 
tiie metal atom between the centroid of the delocalized, 6Li)stituted n-bonded moiety and the center of at least one 
remaining substituent Is I ss than such angle in a similar complex containing a similar rc-bonded nrtoiety lacking in 



(C5Rn)yR'z(C5Rm)MY(jf.y.i) 
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such constrain-inducing moiety, and provided further that for such complexes comprising more than one delocal- 
ized, substituted n-bonded moiety, only one thereof for each metal atom of the complex is a c/dic, deloceilized, sub- 
stituted Yi-bonded moiety. 

5 1 0. A process for producing ethylene homopolymers or copolymers, comprising the steps of: 

contacting ethylene and optionally a higher alpha-olef in monomer under polymerization conditions with a spray 
dried catalyst composition conprising solid particles, each particle comprising a mixture of: a) a metallocene 
catalyst; b) a cocatalyst capable of activating said metallocene catalyst; and c) a particulate filler material hav- 
10 Ing an average particle size of 0.001 -0.1 micrometers that is unreactive with the metallocene catalyst and the 

cocatalyst, wherein the average particle size of tiie catalyst composition is 5 to 500 micrometers. 

PatentansprQche 

15 1 . SprOhgetrocknete Katalysator-Zusammensetzung, umfassend teste Teilchen, wobei jedes Teilchen eine Mischung 
umfaBt von: 

a) einem Metallocen-Katalysator, der eine organometallische Verbindung, die ein Metallatom der Gruppen IIIB 
bis VIII Oder der Lanthaniden-Reihe des Perlodensystems enthait, umta6t; 
20 b) einem Cokatalysator, der den Metallocen-Katalysator aktivieren kann; und 

c) teilchenfdrmigem FQIIstoffmaterial mit einer durchschnittlichen TeilchengrdOe von 0,001 bis 0,1 ^m. welches 
mit dem Metallocen-Katalysator und dem Gokatalysator unreaktiv ist, wobei die durchschnittliche Teilchen- 
grOBe der Katalysator-Zusammensetzung 5 bis 500 ^m betrdgt. 

25 2, Katalysator-Zusammensetzung nach Anspruch 1 , in welcher der Metallocen-Katalysator die Formel: 

(C5Rn)yR2(C5Rm)MY(x.y.i) 

aufweist, worin M ein Metall aus den Gruppen IIIB bis VIII des Periodensystems ist; (CsRn) und (CsRm) unabhangig 
30 for Cydopentadienyl- Oder substituierte Cyclopentadienylgruppen. die an M gebunden sind, stehen; jedes R unab- 
hangig Wasserstoff oder einen Kbhlenwasserstoffrest wie beispielsweise Alkyl-. Alkenyl-, Aryl-, Alkylaryl- Oder 
Arylalkylrest der 1 bis 20 Kbhienstoffatome enthdlt. darstellt oder zwei Kbhienstoffatome unter Bildung eines C4- 
Ce-Ringes miteinander vertxjnden sind; jedes R' ein substituierter oder unsubstitulerter Ci-C4-Alkylenrest, ein 
DIalkyI- oder Diarylgermanlum- oder -silicium- oder ein Alkyl- oder Arylphosphin- oder Aminrest, der zwei (CsRn)- 
35 und (CsRnJ-Ringe verbrOckt, Ist; jedes Y unabhangig einen Kohlenwasserstoffrest wie beispielsweise Aryl-. All^- 
, Alkenyl-, Alkylaryl- oder Arylalkylrest mit 1 - 20 Kbhienstoffatomen, einen Hydrocartsoxyrest mit 1 - 20 Kohlenstoff- 
atomen oder Halogen darstellt; n und m jewells 0. 1. 2, 3 oder 4 bedeuten; z 0 oder 1 ist und z 0 Ist. wenn y 0 ist; 
y 0, 1 Oder 2 ist; x in Abhangigkeit vom Valenzzustand von M 1 , 2, 3 oder 4 ist; und x - y ;^ 1 . 

40 3. Katalysator-Zusammensetzung nach Anspruch 1. in welcher es sich bei dem Metallocen-Katalysator urn ein ver- 
brQcktes Metallocen mit der Formel: 




handelt, worin: 
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Q eine verbrQckende VerknQpf ungseinheit. ausgewdhlt aus 
R"2C<, R"2Si<. R"2Ge<: und -CaR'V-. ist, 

worin jede R"-Einheit unabhangig H Oder eine Alkylgruppe ist oder zwei R"-Einheiten unter Bildung eines Ring s 
verknQpft sind; 

jede Einheit R unabhangig eine Alkyl-, CycloalkyI-, Alkenyl-, Cycloalkenyl-, Phenyl-, Alkyl-substituierle Phenyl- 

oder eine Phenyl-substituierte Alkylgruppe darstellt oder zwei benachbarte Gruppen R an einem gegebenen Ring 

unter Bildung eines Ringes verknQpft sind; 

mO, 1» 2, 3 Oder 4 Ist; 

no, 1. 2. 3 Oder 4 ist; 

M for ein Ti-, Zr- oder Hf-Atom steht; und 

jedes y unabhangig H, eine Alkylgruppe oder ein Halogenatom bedeutet 

Katalysator-Zusammensetzung nach Anspruch 1, in welcher der Metallocen-Katalysator ein Metallocen mit 
gespannter Qeometrie ist, welches ein Metallatom der Gruppen III bis VIII oder der Lanthaniden-Reihe und eine 
delokalisierte n-gebundene Einheit, die niit einer Spannung induzierenden Einheit substituiert Ist, umfaBt, wobei 
der Komplex eine solche gespannte Geometrie urn das Metall herum aufweist, daB der Winkel am Metallatom zwi- 
schen dem Zentroid der substrtuierten, delokalisierten rc-gebundenen Einheit und dem Zentrum mindestens eines 
verbleibenden Substituenten kleiner Ist als ein derartiger Winkel in eInem ahnlichen Komplex, der eine dhnliche k- 
gebundene Einheit die keine derartlge Spannung induzierende Einheit aufweist, besltzt, und mit der weiteren 
MaBgabe, daB fQr solche Kbmplexe. die mehr als eine sufc)stituierte, delokalisierte 7c-gebundene Einheit umfassen, 
nur einedavon fQr jedes Metallatom des Komplexes eine cyclische, substrtuierte, delokalisierte Tc-gebundene Ein- 
heit ist. 

Katalysator-Zusammensetzung nach Anspruch 1, in welcher der Cokatalysator ein Methylaluminoxan oder ein 
modifizlertes Methylaluminoxan ist. 

Verfahren zur Herstellung einer sprQhgetrockneten Katalysator-Zusammensetzung, umfassend: 

Bildung einer Suspension, welche umfaBt: a) einen Metallocen-Katalysator, der eine organometallische Ver- 
bindung, die ein Metallatom der Gruppe IIIB bis VIII oder der Lanthaniden-Reihe des Periodensystems enthait, 
umfaBt; b) einen Cokatalysator, der den Metallocen-Katalysator aklivleren kann; und c) 
teilchenfOrmiges FQllstoffmaterial mit einer durchschnittlichen TeilchengrOBe von 0,001 bis 0,1 welches 
mit dem Metallocen-Katalysator und dem Cokatalysator unreaktiv ist, in einem VerdOnnungsmlttel; und 
SprQhtrocknung der Suspension unter Erhaltder Katalysator-Zusammensetzung mit einer durchschnittlichen 
TeilchengrdBe von 5 bis 500 pm. 

Verfahren nach Anspruch 6. in welchem der Metallocen-Katalysator die Fbrmel : 

(C5Rn)yRz(C5Rm)MY(x.y.^j 

aufweist. worin M ein Metall aus den Gruppen IIIB bis VIII des Periodensystems ist; (CsRn) urKi (CsRnO unabhangig 
fQr Cyolopentadienyl- oder sidsstituierte Cyolopentadienylgruppen, die an M gebunden sind, stehen; jedes R unak>- 
hanglg Wasserstoff oder einen Kohlenwasserstoffrest wie beispielsweise Alkyl-, Alkenyl-, Aryl-, Alkylaryl-~oder 
Arylalkylrest, der 1 bis 20 Kbhlenstof^tome enthait, darstellt oder zwei Kohlenstoffatome unter Bildung eines C4- 
Cg-Ringes miteinander verbunden sind; jedes R* ein sut^stituierter oder unsubstituierter C^-C4-Alkylenrest, ein 
DialkyI- oder Diarylgermanium- oder -silicium- oder ein Alkyl- oder Arylphosphin- oder AnrHnrest, der zwei (CsRn)- 
und (CsRfT^-Ringe verbrOckt. ist; jedes Y unabhangig einen Kohlenwasserstoffrest wie beispielsweise Aryl-. All^- 
, Alkenyl-, Alkylaryl- Oder Arylalkylrest mit 1 - 20 Kohlenstoffatomen, einen Hydrocarfooxyrest mit 1 - 20 Kohlenstoff- 
atomen oder Halogen darstellt; n und m jeweils 0.1,2,3 oder 4 bedeuten; z 0 oder 1 ist und z 0 ist, wenn y 0 ist; 
y 0. 1 Oder 2 ist; x In Abhangigkeit vom Valenzzustand von M 1 , 2, 3 oder 4 ist; und x - y ^ 1 . 

Verfahren nach Anspruch 6, in welchem es sich ber dem Metallocen-Katalysator um ein verbrOcktes Metallocen mit 
der Formel: 
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handelt, worin: 

Q eine verbrQckende VerknOpf ungseinheh, ausgewdhft aus 
R"2C<. R"2Si<. R"2Ge< und -CgR'V. ist, 

worin jede R"-Einheit unabhfingig H Oder eine Alkytgruppe ist Oder zwei R' -EInheiten unter Bildung eines Ringes 
verknQpft sind; 

jede Einheit R unabhangig eine Alkyl-, CycloalkyI-. Alkenyl-, Cycloalkenyl-. Phenyl-, Alkyl-substituierte Phenyl- 

oder eine Phenyl-sulsetituierte Alkylgmppe darstellt Oder zwei benachbarte Gruppen R an einem gegebenen Ring 

unter Bildung eines Ringes verknQpft sind; 

m 0, 1 . 2, 3 Oder 4 ist; 

hO, 1, 2, 3 Oder 4 ist; 

M far ein Ti-, Zr- Oder Hf-Atom steht; und 

jedes Y* unabhangig H. eine Alkylgruppe oder ein Halogenatom bedeutet 

9. Vertahren nach Anspruch 6, in welchem es'sich bei dem Metallocen-Katatysator um ein Metallocen mit gespannter 
Geometrie handeft. welches ein Metallatom der Gruppen III bis VIII oder der Lanthaniden-Reihe und eine deioka- 
Gslerte n-gebundene Enheit, die mit einer Spannung induzierenden Einheit substituiert ist, um^Bt, wobel der Kom- 
plex eine solche gespannte Geometrie um das Metall herum aufweist, daB der Winkel am Metallatom zwischen 
dem Zentroid der substituierten, delokalisierten n-gebundenen Einheit und dem Zentrum mindestens eines verblei- 
benden Substituenten Melner ist als ein derartiger Winkel in einem ahnlichen Kbmplex. der eine Shnliche 7c-gebun- 
dene Einheit, die keine derartige Spannung tnduzierende Einheit aufweist, besttzt. und mit der weiteren MaBgabe. 
daB far solche Komplexe, die mehr als eine substituierte, delokalisierte K-gebundene Einhert umfassen, nur eine 
davon fOr jedes Metallatom des Kbmplexes eine cyclische. substituierte, delokalisierte n-gebundene Einheit ist. 

10. Verfahren zur Herstellung von Ethylen-Homopolymeren oder -Copolymeren, umfassend die folgenden Stufen: 

Kontaktieren von Ethylen und gegebenenfalls einem hflheren alpha-Olefin-Monomer unter Polymerisationsbe- 
dingungen mrt einer eprOhgetrockneten Katalysator*Zusammensetzung, die feste Teilchen umfaBt wobei 
jedes Teilchen umfaBt eine Mischung von: a) einem Metallocen-Katalysator; b) einem Cokatalysator, der den 
Metallocen-Katalysator aktivieren Kann; und c) einem teilchenfOrmigen FQIIstoffmaterial mit einer durchschnitt- 
lichen TeilchengrOBe von 0,001 - 0.1 ^m. welches mit dem Metallocen-Katalysator und dem Cokatalysator 
unreaktiv ist, wobei die durchschnittliche TeilchengrOBe der Katalysator-Zusammensetzung 5 bis 500 ^m 
betrdgt. 

Revendications 

1 . Composition de catalyseur s^ch^e par putv6risation comprenant des particules solides, chaque particule compre- 
nant un melange : 

a) d'un catalyseur k base de m^alloc^ne qui comprend un compost organom6tallique contenant un atome de 
m^tal des Groupes IIIB k VIII ou de la s^rie des lanthanides du Tableau P^riodique ; 

b) un cocatalyseur capable d*actrver le catalyseur k bas de m^talloc^ne ; et 

c) un charge en particules ayant un diam^tre moyen de particules de 0,001 k 0,1 micrometre, qui est inerte 
vis-d-vis du catalyseur k bas de m^tailoc^ne et du cocatalyseur, le diam^e moyen des particules de la com- 
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position de catal/seur ayant une valeur de 5 ^ 500 micrometres. 

2. Composition de catalyseur suivant la revendication 1 . dans laquelle le catalyseur k base de m^talloc^ne r^nd k 
la formule : 

5 

(C5Rn)yR'z(C5Rm)MY(x.y.i) 

dans laquelle M est un m^tal des Qroupes NIB k VIII du Tableau P^rlodique ; (CsRn) et (CsRm) repr^sentent, ind6- 
pendamment. des groupes cyclopentadi^nyle ou cydopentadi^nyle substitu^ li^s k M ; chaque R repr^sente, 

10 ind^pendamment, de Thydrog^ne ou un radical hydrocarbyle tel qu'alkyfe. alc^nyle. aryle, alkylaryle ou arytalkyle 
contenant 1 k 20 atomes de carbone. ou bien deux atomes de cartxsne torment conjointement un noyau en C4 k 
Cs ; chaque R' est un radical alkyl^ne en Ci k C4 substitu6 ou non substrtu^, un radical dialkyi- ou diarylgermanium 
ou -silicium ou un radical alkyl-ou arylphosphine ou -amine pontant deux noyaux (CsRn) et (CsR^) ; chaque Y 
repr^sente, ind^endaimment, un radical hydrocart>yle tel qu'aryle. alkyle. alc^nyle, all^aryle. arylalkyle ayant 1 k 

IS 20 atomes de carbonep un radical hydroxycarboxy ayant 1 k 20 atomes de carbone, ou un halog^ne ; n et m ont 
chacun la valeur 0, 1 . 2, 3 ou 4 ; z a la valeur 0 ou 1 . et Z est 6gal k 0 lorsque y est 6gal ^ 0 ; y a la valeur 0. 1 ou 
2 ; X a la valeur 1 . 2. 3 ou 4 selon le degr6 de valence de M ; et la somme x-y est sup6rieure ou 6gale k 1 . 

3. Composition de catalyseur suivant la revendication 1, dans laquelle le catalyseur k base de m^tallocdne est un 
20 m^talloc^ne pont6 r^pondant k la formule : 
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35 

dans laquelle : 

Q est une liaison de pontage choisie entre 

R"2C<, R"2Si<. R"2Qe<et -C2RV 
40 ou chaque fragment R" repr^sente, ind^pendamment, H ou un groupe alkyle, ou bien deux fragments R" 

s'assodent pour former un noyau ; 

chaque fragment R repr6sente ind^endamment un groqpe alkyle, cycloalkyle, alc^nyle, cycloalc^nyle, 
ph6nyle, ph^nyle k substituant alkyle ou alkyle k substituant ph^nyle, ou bien deux groupes R adjacents sur un 
noyau donn^ 6<a8&ocient pour former un noyau ; 
45 mala valeurO, 1, 2, 3ou4 ; 

n a la valeur 0, 1, 2, 3 ou 4 ; 

M est un atome de titane, de Zirconium ou de hafnium ; et 

chaque Y' repr§sente, ind^pendamment, un atome d'hydrog^ne, un groupe alkyle ou un atome d'halog^ne. 

60 4. Composition de catalyseur suivant la revendication 1. dans laquelle le catalyseur k base de m6tallocene est un 
m6tallocdne k g^om^trie contrainte comprenant un atome de m6tal des Groupes 111 cl VIII ou de la s6rie des lanth- 
anides et un fragment d61ocalis6 k liaison n sut»stitu6 avec un fragment induisant une contrainte, ce complexe 
ayant une g6om6trle contrainte autour de I'atome de m6tal de nature telle que Tangle au niveau de I'atome de m^al 
entre le centroTde du fragmerrt d6localis6 substitu^ k liaison tc et le centre d'au moins un substituant restant soit 

55 inf^rleur & ce m'm angle dans un complexe simiiaire contenant un fragment similaire k liaison n manquant de ce 
fragment inducteur de contrainte. et sous reserve en outre que pour de tels complexes comprenant plus cTun frag- 
ment d6tocalis6 8ubstitu6 k liaison n, un seul de ces fragments pour chaque atome de m^tal du complexe soit un 
fragment cydique, d6Iocalis6. 8ubstitu6 k liaison rt. 
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Composition de catalyseur suivant la revendication 1. dans laquelle le oo-catalyseur est un m^thylaluminoxane ou 
un m^thylaluminoxane modifi^. 

Proc6d6 de preparation d'une composition de catalyseur s^dn^e par pulverisation, qui comprend : 

la formation d'une suspension comprenant : a) un catalyseur k base de metalloc^ne comprenant un compost 
organomdtallique qui contient un atome de m6tal des Groupes IIIB k VIII ou de la sdrie des lanthanides du 
Tableau Pertodique ; b) un co-catalyseur capable d'activer le catalyseur k base de metallocdne ; et c) une 
charge en particules dont les particules ont un diam^tre moyen de 0.001 ^0.1 micrometre, qui est inerte vis- 
^-vis du catalyseur k base de metallocene et vis-d-vis du co-catalyseur. dans un diluant ; et 
le sechage par pulverisation de la suspension pour obtenir la composition de catalyseur ayant un diametre 
moyen de particules de 5 d 500 micrometres. 

Precede suivant la revendication 6. dans lequel le catalyseur k base de metallocene repond k la formule : 



dans laquelle M est un m^tal des Groupes IIIB k VIII du Tableau Periodique ; (CsRn) et (CsR^ represented, inde- 
pendamment. des groupes cyclopentadienyle ou cydopentadienyle substttues lies k M ; diaque R repre&ente. 
independammerrt, de Thydrog^ne ou un radical hydrocarbyle tel qu'alkyle, aicenyle, aryle, alkylaryle ou arylalkyle 
contenant 1 e 20 atomes de cartxine, ou bien deux atomes de carbone forment conjointement un noyau en C4 k 
Cq ; chaque R* est un radical alkyiene en k C4 substitue ou non substitue, un radical dialkyi- ou diarylgermanium 
ou -silicium ou un radical alkyl-ou arylphosphine ou -amine pontant deux noyaux (CsRn) et (CsRrn) ; chaque Y 
represente. IrKiependamment. un radical hydrocartyle tel qu'aryle. alkyle. aicenyle. all^aryle. arylalkyle ayant 1 k 
20 atomes de cartx>ne. un radical hydroxycart>oxy ayant 1 k 20 atomes de carbone. ou un halogene ; n et m ont 
chacun la valeur 0. 1 , 2, 3 ou 4 ; z a la valeur 0 ou 1 , et z est egal k 0 lorsque y est egal ^ 0 ; y a la valeur 0, 1 ou 
2 ; x a la valeur 1 , 2. 3 ou 4 selon le degre de valence de M ; et la somme x-y est superieure ou 6gale k 1 . 

Procede suivant la revendication 6. dans lequel le catalyseur k base de metallocene est un metallocene ponte 
repondant k la formule : 



dans laquelle : 

Q est une liaison de pontage choisie entre 
R"2CX. R"2Si<. R' aGeC et -CgR'V 

oCi chaque fragment R" represente. ind6pendamment H ou un groupe alkyle. ou bien deux fragments R" 
s'associent pour former un noyau ; 

chaque fragment R represente ind6pendamment un groupe alkyle. cycloalkyle, aicenyle, cycloalcenyle. 
phenyle. phenyle k substituant alkyle ou alkyle k substituant phenyl e, ou bien deux groupes R adjacents sur un 
noyau donne s'assodent pour former un noyau ; 

m a la valeur 0. 1. 2. 3 ou 4 ; 

n a la valeur 0. 1. 2. 3 ou 4 ; 

M est un atome d titane, de zirconium ou de hafnium ; et 

chaque Y* represente, independamment, un atome d*hydr gene, un groupe alkyle ou un atome d'halog^ne. 



(C5Rn)yRz(C5Rm)MY(x.y.i) 
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9. Proc^d suivant la revendication 6. dans lequel te catalyseur k base de m^talloc^ne est un m6talloc^ne k g6om6- 
trie contrainte comprenant un atome de m6tal des Groupes III k VIII ou de la s6rle des lanthanides et un fragment 
d6loca[ls6 k liaison n sub8trtu6 avec un fragment induisant une contrainte, ce complexe ayant une g6om^le con- 
trainte autour de I'atome de m^tal de nature telle qu Tangle au nrv au de Tatom de m§tal entre I centroTde du 
fragment d^localis^ substitu^ k laisi n tc 1 1 centre d'au m ins un substituant restant soit inf^ieur k ce m§m 
angle dans un conrplexe similaire contenant un fragment similaire k liaison n manquant de ce fragment inducteur 
de contrainte, et sous r6serve en outre que pour de tels complexes comprenant plus d'un fragment d6localis6 subs- 
titu6 k liaison n, un seul de ces fragments pour chaque atome de m6tal du complexe soit un fragment cyclique, 
d6localls6. 8ubstitu6 k liaison n. 

10. Proofs de production d*homopolym6res ou de copolym^res d'6thyl^ne. qui comprend les 6tapes conslstant : 

k faire entrer de Tdthyldne et, k titre facultatif, un monomdre a!pha-ol6finique supdrieur, en contact dans des 
conditions de polymerisation avec une composition de catalyseur s^ch^e par pulverisation comprenant des 
particules solides. chaque particule 6tant constitute d'un melange : a) d'un catalyseur k base de metalloc^ne 
; b) d'un co-catalyseur capable d'activer le catalyseur k base de metalloc^ne ; et c) d'une charge en particules 
dont les particules ont un diam^tre moyen de 0,001 k 0,1 micrometre, qui est inerte vis-e-vis du catalyseur k 
base de metallocdne et du co-catalyseur. le diamdtre moyen des particules de la composition de catalyseur 
ayant une valeur de 5 d 500 micrometres. 
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